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WATKIN RANGE-FINDEE . 



PART I. 

REGULATIONS FOR THE INSTRUCTION IN, AND 
PRACTICE WITH, THE WATKIN RANGE-FINDER. 



Section 1. 
Regulations. 

In every battalion all the officers will, in future, be instracted In«taruction. 
during their Recruit's Course of Musketry in the use of the 
Watkin Range-Finder. 

Meanwhile all the officers that have not been so trained, 
together with at least four non-commissioned officers from each 
company, will be instructed by the Instructor in Musketry, or 
other qualified officer, assisted by the Sergaant Instructor, or 
other qualified non-commissioned officer. For this jjurpose thev 
will be fonned into squads and the instruction carried out with 
as little delay as practicable. The officer second in command 
wiU be present while this instruction is being g^iven'. As soon 
as each officer and non-commissioned officer is -efficient the 
Instructor in Musketry will render a certificate to the com- 
manding officer to that effect. 

In every battalion the officer Instructor in Musketry and the The range- 
Sergeant Instructor in Musketry (who is to carry the instru- ^^^ V^^i 
ment), will be the battalion range-takers. In every company 
fom* non-commissioned officers will be trained as company range- 
takers. 

No emolument attaches to the position of range-taker, who Their employ- 
will not be struck off battalion duty. ™®^** 

Commanding officers will be held responsible that the pre- System of 
scribed system of instruction, as laid down in the " Regulations inatructioiu 
for Instruction in, and Practice with, the Watkin Range-Finder," 
as taught at the School of Musketry, is strictly adhered to. 

Officers, non-commissioned officers,, and privates, who have Battalion 
been instructed, should, as far as practicable, be exercised by P™*'*"^* 
the captains of their troops or companies once a week through- 
out the year in fange-taking, on wnich occasions the distances 
taken should be corrected with a chain or on a measured range. 
Constant practice with the instrument is necessary to ensure 
accuracy. 
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Selection of 



men. 



Inspection of 
range-takers. 



Beturas. 



Range-taking is a duty the proper discharge of which, like 
that of army signalling, depends upon individual eflSciency. As 
range-takers will be frequently employed under fire, the men 
selected should be of a cool disposition, have good eyesight, and 
the faculty of quickness in taking the necessary observations 
with the instrument. 

The range-takers, and such proportion of the officers and 
non-commissioned officers as the inspecting general may decide, 
will be iQvariably examined in their proficiency in range-taking 
at the period of inspection of the general officer commanding 
district or station. 

Captains of troops or companies will record for the infoima- 
tion of their commanding officers, and will keep for future 
reference, the registers (MSS.) of their weekly practice in 
range-taking. 



Application 
of distances 
taken. 



Section 2. 

Eange-Taking in the Field. 

1. In the field, it will always be desirable to ascertain the 
range before the coming of the battalion into action, and with 
as Uttle exposure as possible, in order to avoid premature exhi- 
bition of purpose to the enemy. 

2. When time is abundant, accuracy should be ensured by 
the employment of long bases, of deliberate work, and of verifi- 
cation by taking more than one observation to a particular point. 
This will generally be feasible on the defensive^ when the ranges 
should be taken to all points which may become important 
during the courae of the operations. These ranges may be 
conveniently recorded on a rough but clear sketch, having the 
points numbered, and the numbers tabulated with their corres- 
ponding ranges. 

3. The base should, if possible, be to windward, and just 
clear of the groimd which wUl be occupied by the battaUon, 
partly to avoid affording information to the enemy, and partly 
to allow of the work being continued after the arrival of the 
battalion. It should, moreover, be within easy communication. 
The above applies more especially to the offensive^ when, how- 
ever, the number of ranges required will be limited. 

4. When the line of advance or retirement of. a battalion 
may be nearly, or actually in prolongation of its line of fire, 
points should be taken in the next probable position by the 
range party; these distances deducted from or added to the 
existing range will give that of the new position. 

5. In taking ranges to moving objects, points cannot be 
taken ; points sufficiently advanced of their probable path to 
allow time for the operation must be selected. 

6. Range-takers will often be sent forward to take notes of 
the ranges to all prominent objects which have to be passed, or 
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used as shelter by the enemy. These notes will be useful in the 
attack to ascertain the distance of the enemy's position, as these 
objects are successively reached in the advance. 

7. Range-taking may often have to be done under Jire, dur- 
ing the attack. It has been found possible for a range tjgiker and 
his assistant to ^ve out the ranges almost at every rush forward, 
the time averagmg 1 J minutes lor each distance. 

8. If, from any cause, it is impossible to take the range of 
the actualobject required (such as troops or guns under cover), 
and a tree or any other conspicuous adjacent object has been 
taken instead, this should be distinctly notified to the ofiicer in 
command, as observations of this nature cannot be implicitly 
reHed upon, on account of the difficulty of correctly estimating 
by eye the comparative ranges of objects, though apparently 
equally distant. 

9. The total time occupied in taking a range should not with 
trained men ever exceed 2 J minutes, with an error of less than 
one per cent, of the range. 



Section 3. 
Description of the Watkin Range-Finder. 

Note. — A Ithough the method of holding the instrument as shown in 
Plates II, III^ and IV, has been found the most convenient, it is 
not essential that this method be rigidly adhered to, 

\. The Watkin Range-Finder equipment consists of: — 
(a.) The Instrument in a leather case. 
(J.) A metallic cord, 6 yards long, in a leather pocket, 
(c.) A steel tape, 20 feet long, in a leather pocket, for occa- 
sionally testing the cord, with a mark at 6 yards, 
(d) Three pickets, fitted with leather discs* to render 
them conspicuous. 
JV.-B. — Rifles held by men can be substituted for these pickets. 

2. Two men are generally employed as range-takers, though 
the service can, on an emergency, be performed by one man. 
(Page 20, para. 6.) 

No. 1 carries the instrument slung over his left shoulder like 
a field-glass, one picket, and the steel tape in case on his waist 
belt, note-book and pencil. 

No. 2 carries two pickets, and the metallic cord in case. 

3. The intrument is double reflecting, on the principle of the 
ordinary sextant, but is so constructed that the near object is 
seen by reflection and the distant object by direct vision, thus 
rendering it easier and quicker to use, more particularly in hazy 
weather. 



• In the origizial pattern, 2 square and 1 ronnd. 
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4. The instrument consists of a brass rectangular box, about 
6 inches long, 2| inches wide, and 1^ inches deep. It is 
cairied, when not in use, in a leather case slung over the shoulder 
like an ordinarv^ field glass. Its weight (including the case) is 
about 2 J lb. When in use, half of the cover is thrown back on 
a hinge, thus exposing the right half of the instrument. In 
Plate I the instrument is shown with the whole cover removed. 
In the cover are carried a key for adjusting the instrument, and 
a small telescope for use in taking long ranges. There are two 
eye-holes, V and K, fitted with shutters, so that they can be used 
with or without the telescope ; the arrows indicate the direction 
in which the observation is taken. 

5. On a steel arm, F G, pivoting at N, is fixed a mirror N", 
similar to the index-glass of an ordinary sextant. Another glass, 
X, corresponding with the horizon-glass of a sextant, is secured 
to a shorter metal arm, H I, capable of revolving round a pivot 
at H, and fitted at I with a steel screw. This arm plays between 
two steel blocks, K and L, so placed as to allow of a traverse of 
45°, and is moved by the rack Q, actuated by the knob P. 

By this arrangement the position of the screw I can be altered 
relatively to the arm H I, without disturbing the total angular 
traverse of the mirror X, which remains constant at 45°. If then 
the arm H I be locked in position so that the screw I bears 
against the block L, by screwing or unscrewing I, the mirror X 
can be adjusted parallel to the index-glass N. An optically true 
right an^Ie will then be secured by traversing the arm until the 
screw I IS pressed against the block K. By this arrangement^ 
using the key carried in the cover, the instrument can be tested 
and adjusted in a few moments. This adjustment should never 
be made unless absolutely necessary. 

6. Against the edge F G, bears a steel projection on the 
sliding collar E. This collar, with an ^ engraved upon it, slides 
on a bell-metal arm, W D, pivoted at W, and graduated with a 
scale of yards marked jfrom 6 to 12, representing the different 
lengths of base (60 to 120 yards) with wliich the instrument can 
be used. 

7. At the extremity of W D is a steel block D, against which 
the steel end of the screw Y bears. This screw is rigidly fixed 
to a metal cyKnder T, on which is engraved a scale of ranges 
from 400* to 5,000 yards. This scale is read opposite to 
the >|f engraved on the fixed ring which partly surrounds the 
cylinder. When the screw Y is turned, the arm W D is moved 
on its pivot W, and the sKdin^ collar E, bearing against the 
arm F G, causes it to move on its pivot at N, and thus alters 
the angle of inclination of the mirror N. The amount of motion 
of the screw Y to give a definite movement to the mirror N 
depends on the position of the sliding collar E on the arm WD; 
consequently, by setting this collar to the proper graduation for 
the base used, the one scale of yards engraved on the cylind«r 
T wiU give the range in every case, within the limits of the 

* Later pattern 850 to 5,000 ytadB. 
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graduations, without any calculation whatever. (See Section 4, 
para. 4, " Theory of the Instrument.'*) 

8. It will be seen that the eye-holes (R V) are bored obliquely, 
and they should be so looked through as shown by arrows in 
Plate I. 

9. In reading the range on the cyKnder, the numbers from 350 
to 990 give the actual range in yards, while those from 10 to 50, 
that is, for the remainder of the scale, express hundreds of yards. 
Thus the arrow-head pointing to 850 would indicate a range of 
850 yards, and when pointing to 23 it would indicate a range 
2,300 yards. 

Up to 1,500 yards the scale is graduated for eveiy 10 yards, 
from that to 2,000 yards the space between the numbers is only 
divided into four, to prevent confusion; each small division 
therefore represents 25 yards. From 2,000 to 3,000 the divisions 
represent 50 yards ; and for the remainder, 100 yards. 

The numbers on the cylinder read from right to left. "When 
using the instrument to ascertain the length of the base A C 
(Fig. 3, page 10), which is, under ordinary circumstances, from 
60 to 120 yards in length, the readings on the cylinder for ranges 
as described above must be divided by 10. 

If, for example, the arrow-head on the cylinder points as in 
Fig. 1, it would read 1015 (representing 101*5 yards base), and 




Fig. 1. 

would be transfen-ed and set on the scale of bases as^shown in 
Fig. 2. (See also page 10, para. 3.) ^ 
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Fig. 2. 



Section 4. 

Theory of the Instrument 

1. The conditions required for solving the range triangle Conditioiiafiir 
C A, are that we should know the base C A and the angle C A, «>l^>n« » 
the angle A C being always a right angle. But inasmuch as ^"S^^*'*'*'^ 
we are unable to get at the point to measure the angle, we must 
find a line A D at right angles to A C, and measure the angle 
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D A 0, which is equal to the angle A. 
taking the range with the instrument. 



This is done m 




C A 

Fig. 3. 

2. When the cylinder is set to zero (the mirrors beiQg set at 
45®) the picket C will be seen reflected in the direction D, at right 
angles to A C. On- the cylinder being revolved the image moves 
to the left, and is brought to coincide with the object O. The 
inclination of the mirrors is a measure of the angle A D. If 
now we could always work with a constant base A C, say of 100 
yards, this angle D A O would be a measure of the range, and 
instead of beiag registered as an angle could be engraved on the 
drum as a range. 

The range finder could iq such a case be constructed without 
the metal bar W D, the top of the screw Y working direct 
against the edge F G. But as in the field it is very inconvenient 
to have always to keep to a fiaed base, it becomes necessary 
to have some arrangement by which, for a definite movement of 
the screw indicating a given range on the drum, the inclination 
of the mirror should be made to vary so ais to give a greater 
angle when using a longer base. This, as explained in para. 4, 
and at page 14, is the function of the bar W D and sliding 
collar E. 



Fig. 4. 

Measiirement 3, In measunBg the base A C, a small range triangle, similar 
of the base, to C A in the previous figure, is worked out. As we are, how- 
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ever, in this instaiice,at the station C, we can obtain the angle 
A C B, which A B subtends, by reflecting the picket B on to A; 
If then the sliding collar be placed at the distance representroff 
A B on the base scale, the cylinder will mark the distance A (X 
As A B is always 6 yards, the sliding collar is, for this operation, 
placed at the mark 6, representing 60 yards in the range triangle. 
The result obtained for the' distance A B is therefore ten times 
the true one ; thus the same scale on the cylinder does for both 
bases and ranges, if only in the former we divide by ten. It is 
advisable, however, always to read this scale as for ranges, 
mnltiplyiiig the base scale on the brass bar by ten, so as to avoid 
confusion. Thus a base of 100 yards would be read as 1,000 
yards, and the sliding collar set to 10. If a tape of ten yards be 
used, the same result for A C would be obtained by setting the 
sUding collar to the mark 10 before reflecting the image of B on 
to A. 

4. Suppose (Fig. 5) an object, distance 1,000 yards," A C Object of 
a base of 120 yards, and D C a base of 60 yards. The angle ^^^^ 
A O C will be practically double the angle D C, and generafly, ^ 
if A C = n D C, the angle A C = w times the angle D O C. 

As there is only one given position of the cylinder and screw 
for any given range, some arrangement had to be devised by 
which the inclination of the mirrors might be altered, irrespective 
of the screw, so as to cause them to assume a greater incunation 
for a large base than for a small one. 

This is arrived at by means of the arm W D (Plate I), with Function of 
the sliding collar E beaiing against the arm F G. As these two *^® ^^ ^ ^' 
arms pivot at N and W, it is evident that the further the slide is 
away from W, the greater will be the movement of the arm F Gt 
(and consequently of the mirror fixed to it), for any definite 
movement of the screw Y. 




Fig. 5. 
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It is evident from the above, that the ^aduations on the drum 
and base bar are proportional to one another, and therefore that 
the readings may be doubled, halved, &c., at pleasure. This is the 
principle on which Operation a, page 16, and Cases I, II, and III, 
page 21, are based. Also that the graduations may be taken in feet, 
yards, or any other measure. Thus supposing it was required to 
get the distance in metres, all that is necessary is to make the 
subsidiary base A B (Fig. 4) 6 metres (6*562 yards) instead of 
6 yards; and all results will come out in metres. 

N.B. — ^It should be distinctly understood that although 350 
IS the lowest number on the cylinder, a much shorter range than 
that can be taken with the instrument by employing sliort bases 
which are multiples of 60; e.g.^ a range of 35 yards to an 
inaccessible (as weU as accessible) point can be taken with a 
base {not subsidiary) of 6 yards measured with the gimp cord. 
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PART n. 

COURSE OF INSTRUCTION IN A SERIES OF PRO- 

GRESSIVE LESSONS. 



Manipdlation and Use op the Watkin Range-Findeb. 



Lesson I, 

{May be imparted in^doore.) 

1. Name the different parts of the instrument with the aid of 
Plate I, also of the description on page 8, and of the instrument 
itself. 

2. Show the eflFect of any movement of (a) the glass X 
(which may be called the horizon-glass) ; {b) the collar or sKde E ; 
and (c) the cylinder T (hereinafter termed the " drum "). 

3. Show how the numbers on the drum are to be read ; also 
those on the base arm, as described in page 9, paragraph 9. 

4. Confining himself to the explanation of effects when the 
mirrors are e&t painillel, the instructor will show from the following 
diagram how the image of any object observed through the 
eyehole V (marked " Base " on the instrument), comes to be 
reflected in the mirror below the plain glass forming the upper 
portion of the horizon-glass X. 



Name tbo 

different 

parts. 



CBU£:CT 



HORIZON CLASS 




PLAIN 

SILVERED 



HORIZON GLASS 



INO£X MIRROR 



v/ EYE HOLr 



Glasses 
parallel, and 
drum screwed 
home, imagei 
reflected ex- 
actly under 
object. 



Fig. 6. 
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Beadings on 
drum are 
angle 
measure- 
ments ex- 
pressed in 
yards. 



But that if the drum be moved, the reflection will no longer 
be directly under the object, but to the Uft of it; also that, if 
the diTim be set to any range marked on it, on moving the dide 
the reflection will move to the left or back again, according to 
the side to which it is pushed. 

5. It should now be shown that the readings on the drum 
are simply the multipHed expressions of movements of the arm 
FG (and consequently of the index mirror N) through an arc of 
a circle, and that these readings are in yards (instead of, as in 
other optical instruments, in degrees and minutes)^ representing 
angles. 

Explain that the movement (representing a small angle) of 
a short arm — «uch as this is — ^would be so minute as to be 
scarcely visible to the eye without some contrivance which 
would magnify it ; that in the instrument it is magnified and 
shown on the circumference of the drum. 

Thus the steel point of the screw Y only advances -^ of an 
inch for one whole revolution of the drum, the movement being 
magnified into a length of about 3 inches on its surface. 

An advance therefore of -^ of an inch on the drum represents 
5^ of an inch at the point of the screw. This movement is 
still further reduced by the combined action of the base-arm and 
the index-glass. 

6» This lesson may be conchided with the naming of the 
different pickets, cord, and tape. 



Lbssok n. 

May he imparted aui of doorsy or in^doors if there are suitable 
objects to be seen through the window* 

Note, — ^During this lesson, the mirrors are to be set parallel, 
and the eyehole marked " Base " used. 



Exercise 1. 

Glasses 
parallel and 
eyehole 
"Base." 

HoTT to hold 
the instm- 
ment. 

How the ob- 
jects are seen. 



Exercise 1. 

Practise obtaining " coincidences." 

1. For this two pickets may be set up a few yards apart. 
Show how the instrument is to be held to the eye, viz., in the 
left hand, with the open comer farthest from the eye, and in- 
clined slightly downwards, the cover laid open, thumb under- 
neath, and fingers over cover. (See note, page 7.) 

2. Explain that in this position the. transparent part of the 
horizon-glass will be uppermost, and that through this the objects 
are seen by direct vision, and their reflection underneath in the 
silvered portion of the same glass, after having been passed on 
to it by the index-mirror opposite ; and that if a slight dipping 
motion be given to the instrument, the dividing line between 
plain glass and silvered will be faintly seen. 

* If the 'window is closed, and ebserrations are taken through the window 
glass, it mnstf be borne in mind that there are often imperfections in panes of glass, 
which may hare the effect of making the instrument appear out of adjustment. 
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3. The exercise will now be to reflect the right-hand object 
or picket iinder the left. 

Explain that with the dfum screwed home and the shde at 6 ^?^.^ ™**^ 
(the instrument being in proper adjustment), the reflections of ^"**^* ^^' 
the objects are exactly underneath the objects that are seen 
through the plain ^lass ; and that on unscrewing the drum the 
reflected images will move away to the left, and that this move- 
ment must be continued until " coincidence is obtained by the 
right-hand picket coming exactly under the left as in Fig, 7, 

N.B. — ^Every coincidence must be made with the greatest 
possible care and exactitude. 

No accuracy wiU be obtained without using the small eye-hole 
in the sliding shutters. 



CLASS 




DRUM 
AT 
ZERO 



COtNOiOENCe 
OBTAI-NED 



HORtZCN GLASS 



BASE 
EYE HOLE 



Fig. 7. 



4. The distance on the drum is now to be read oS (as shown How the 

in para. 9, pa^e 9, in hundreds (and odd) of yards; and explain J^|® w to be 
tiuit if the distance between .the pickets were six yards^ the ^ ' 
range taken would be in tens (and odd) of yards ; but if it 
were statyiiie range would be in hundreds (and odd) of yards. 

5. The following diagram (Fig. 8) shows how the angle comes 
to be measured and the range taken. 




Pig. 8. 
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State that Fig, 8 being a right-angle triangle, where the 
length of base (between the pickets) and the angle. D are 
kaown, the range from A to the square picket can be calcu- 
lated; but that with this range-finder no such calculation is 
necessary : because if the slide be set to the length of base, the 
angle can be measured at once, and the range shown in yards. 



Me 2. 



Exercise 2. 



Openikm (a) 



Operation (a*) with Measured Base at the " Object^ 

WiUi mea- 1. Now give out that the distance between the pickets, t.«., 

wmA 1»M at the length of base, is 40 yards, and require the range to be taken. 
^e^flod. 2, Explain that as the sUde cannot be pushed further back 

ih0 imae arm. than 6, i.e., 60, it becomes necessary to double (or treble) any 
measured base which may be shorter than 60 yards, so as to 
adapt it to the limits of the scale on the base arm, which extends 
only from 6 to 12, that is,-60 to 120; that, therefore, in this case 
the 40 yards must be doubled, and the sHde set to 8 to represent 
80 ; that the result of this wiU be, the reading on the drum will 
come out double the actual range, and so must be halved to ob- 
tain the true range. The same final result would be obtained if 
the base 40 had been trebled and the reading on the drum divided 
by 3. 

N.B. — The pupil should be required to practice with the 
telescopic eyepiece in this exercise as well as in all succeeding 
. ones, as soon as he can perform each operation with the naked eye ; 
for when the range is long, or great accuracy is required, it 
becomes necessary to use it when verifying, to get exact coin- 
cidence. 

3. There are three other operations performed with the 
glasses set parallel and the use of the '* base " eyehole. These 
are to be foimd in Lesson VI. 



.Telescopic 
ejepieoe. 



Lesson III. 



How a light 
angle is 
obtained b j 
by reflection. 



The mirrors are now to be set for taking a right angle. This 
is done by pushing the knob (or button) at side of instrument as 
far as it can go towards " right angle ;" setting sUde to 6, and 
drum to zero. 

Note. — The angle between the mirrors is now one of 45®, t.e., 
half a right angle, and on looking at the following diagram it 
will be readily understood how a right angle is arrived at, if it 
is borne in mind that the image of the square-headed picket 
after striking the index-mirror goes off at 45° and meets the hne 
of sight in the horizon-glass, the WgrA^ angle having been formed 
at A. 



* Useful for judging distance drill and practice. 
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INDEX 
CLASS 



•itr OBJECT 



/////ffi/y///: 



HORIZON CLASS 



-m 



T 



EYE HOLE 

Bright ancle 



Showing liow 
the ri^lit 
angle is 
arriredat. 



Fig. 9. 

Exercise 1, Operation (b). 

1. The instrument is to be held in the left hand, thumb 
inside open cover, fingers underneath.* In the right hand a 
picket is to be carried. 

2. A square-headed picket having been set up at a distance 
(to begin with) of 50 or 60 yards off" to the right, the instructor 
is to point out some object in the distance, and require the picket 
carried in the right hand to be planted at right angles with one 
particular edge or part of that object and the distant picket. 

3. Explain that as that picket is to the right hand, the box, 
when applied to the eye, must be turned upside down, in order 
that the window in the comer may face the picket ; that the line 
of sight must be taken to the object through the eye-hole " right- 
angle " and the oblong window ; and that the plain glass is now 
below, and the silvered portion (on which the reflection of the 
picket is to be looked for) above. 

4. The pupil is to be required to bear in mind the folloAving 
instruction as an "Aide-memoire," viz., "Eight-retire" (both 
words beginning with R) ; and " Left-advance ;" which means 
that if he sees the picket reflected to the right of the object, he 
must ^o backwards ; and if to the left, forwards ; in order to get 
the comcidence. 

5. If, on first looking at the mirror, he cannot anywhere see the 
image of the picket, he should glance in its direction and mark 
what objects are situated to the right and left of it ; then taking 
another sight, recognise what is in the miri'or, and advance or 
retire accordingly. 

6. As soon as the coincidence is obtained, the picket carried 
in liie hand is to be planted between the feet, and the accm-acy 

* This is a yariation from the method pictured in Plate in, and has been found 
to be conyenient. 

B 



Exercise 1, 
Operation (h). 

Mode of hold- 
ing the 
instrument, 
distant base- 
picket being 
to the right. 



Position of 
the instru- 
ment when 
applied to the 
eye. 



An "Aide- 
memoire " 
as to adyan- 
cing or 
retiring. 



What to 
do when the 
obseryer is a 
long way out 
from the 
right angle. 



18 



Verifying the 
right angle. 



Exercise 2. 

Obtaining 
right an^e 
with distant 
picket to the 
left. 

Exercise 8. 

Obtaining the 
right angle, 
the observer 
remaining 
stationary. 

Lesson lY. 



Exereise 7. 
(Operation 

Prepare to 
take the 
range. 



e.) 



Take the 
range. 



of the observation verified by resting the left hand on top of 
picket, care being taken to keep the mirrors exactly over the 
picket, and looking through the instrument again; any slight 
error can then be rectified by pushing the head of the picket 
forward or backwards. 

Exercise 2. 
The practice should now be performed with the distant base 
picket to the left hand ; the instrument in this case being carried 
in the right hand, and when appKed to the eye turned cover side 
upwards with the comer window towards the picket. 

Exercise 3. 

The observer should now be required to remain stationary^ 

and the distant base picket being carried by an assistant, to wave 

the latter by signals with the handuntil an approximateright angle 

is obtained; the accuracy of this to be verified as detailed already. 

Lesson IV. 

The subordinate operations detailed in the foregoing lessons 
having been mastered, there remains to be learned the method 
of taking the range to inaccessible objects, as would be the case 
in the "field." 

Exercise 1. — (Operation c), with base at "Home." 

Kequired the distance C 0, fig. 10. 

1. At ^'prepare to take the range" No. 1 opens the instrument, 
looks that the drum is home, the slide set to 6, and the knob 
pushed to "right angle;" holds box in the left hand in the 
manner already detailed (Exercise I, Lesson III) for taking the 
right angle, and grasps the picket in the right hand. No. 2 
unbuttons case containing the " gimp," and holds the square- 
headed picket* (with strut) in right hand, and the round in left. 

2. At " take the range'' No. 1 doubles off about 80 or 100 yards 
to his left in the direction of C. 




Fi^. 10. 



1 II, 



-t-n 



■•T" 



• Old pattern picket. 
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No. 2 immediately throws down the rotmd-headed picket, in Duties of 
order that No. 1 may not become confosed by the appearance of ^^' 2. 
two pickets at this stage, and at once plants the square-headed 

Sicket upright, and with strut to the rear; and turning the leather 
isc towards No. 1, places himself behind it (in order that there 
may be a good background for it to be seen against), and gets 
out the " gimp " ready for use. 

3. No. 1 on arriving at hia^ end of the base, proceeds to fix Duties of 
his picket at right angles with No. 2, as already detailed in ^®- ^• 
Lesson III, That done, he turns the leather disc towards A 

(Fig. 10), pushes knob* back to "base," holds instrument so that 
the eyehole " base *' can be used, faces A with picket exactly 
between his feet, and takes the distance to A as detailed in pages 
14 and 15, and sets it on the base arm. 

4. Immediately No. 2 sees that No. 1 has got the right angle Duties of 
(and not before), let him lay one of the cross lines (engraved on ^' ^ ^ter 
the head of his picket) on No. 1 picket, look, from the rear, along angielias 
the other cross line, mark what natural object (tuft of grass, been fixed, 
stone, &c.) it points to, hook the " gimp '^ to the standing picket, 

and, allowing the wood roUer to fall and uncoil itself (the cord 
slipping between palm and thumb of right hand), move back- 
wards in a line with the picket and the object until checked by 
feeKng the roller come into his hand; then, holding the cord taut 
with its roller against the round-headed picket, plant the latter at 
its end so as to form the right angle CAB; turn white side of 
leather disc to the left, and place himself behind it, dropping the 
gimp, to be taken up afterwards. He should then watch No. 1, 
and, as soon as he sees him move towards him, run over to pj^^ 
the other end of the base, and place himself behind the picket after No. l 
there, and be ready to bring it in as soon as the range has been tas measured 
taken by No. 1. ^^^j'*^^- 

5. Having got the length of base and set it on the base arm, S'^^^fV?/ 
No. 1 gently pushes back the knob to " Range," and runs off to having mea- 
the other end A, places himself facing the object withthe picket sured the 
exactly between his feet, and proceeds to get the range thus : — ^*^®* 
Hold the instrument to the eye on the tips of the fingers and 

thumb of left hand, with comer window facing C, drum to be 
held between forefinger and thumb of right hand ; look at the 
object through the eyehole marked " range " and the oblong win- 
dow, andt turn the drum until the image of the distant picket 
C coincides with the object. (N.B. — ^This is to be done most 
carefully and accurately.) The range is then to be read ofl^J 
the druia screwed home, the slide pushed back, and, if no other 
range is to be taken, the instrument closed and returned to its 
case, and the proper picket received over from No. 2, who then, 
winds up the gimpj^ returns it to its case, and picks up his twa Final duties 

pickets. of Nob. 1 and 

* Always gently. 

t It is advisable in the final operation at the picke6 A, to unscrew the cylinder 
^to 50 or 100 yards und^rthe lame Stance, and then to screw it up until enact coin- 
oideooe o£ the Uack line of the di^c. at C vnd the object is obtained. 

X And if necessary noted down in lof xaoraudma hQPk* 

B 2 
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How the 
range can be 
taken bj one 
obserrer. 



How tbe 
range comes 
fco be mea- 
sured. 



Exercise 2. 



N.B. — The most general source of error in the observations 
IS the failure to direct the instrument on precisely the same point 
of the object from tlie opposite ends of the base. To "guard 
against tnis with objects not clearly denned, it wiUbe necessary 
for the observer to keep his attention on them whilst he shifts 
from one end of the base to the other. 

6. The range can be taken by one observer thus :— 

No. 1 lines the picket B sHghtly to the right of the object ; 
the shorter the range the more to the right. A good rule is to 
run ihe tape out in line with the object, and for a range of 1,000 
yards plant the picket B a full pace to the left. For other, 
ranges the distance should be varied on the principle above 
described. 

7. It may here be explained how the range comes to lie 
measured. 



:^^' 1^ 




Fig. 11. 

State that if the observer were at 0, and knew the length of 
the base C A, he could (with the instrument reversed) at once 
find the range (!! in the same manner as he obtained the length 
of base in the operation just completed. But that as he cannot 
get at to measure the angle there, he must set up another and 
equal angle A C^ at A flie other end of the base, and from 
thence measure it. This is done by setting the slide to the 
length of base C A, the result of which is to reflect (if the dnun 
be at zero) the image of C in the direction C*, i.e., as much to 
the right of as the base is long'; then, on the drum being 
imscrewed until coincidence is obtained, an angle has been 
measured which is equal to the angle at 0, the distance measured 
being C and not A ; although practically the difference 
is so slight., that especially at long ranges, C O and A may be 
considered equal. 

Exercise 2. 

Ractice with Practise taking the range with shorter bases ; first with one 
short bases, plainly below 60 ; and secondly with one which is doubtful^ t.^., 
may be just under or just over 60. 
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Case 1. — Base easily to be judged by the eye as being under 60. Base 

T)l&iiilv lifilow 

In this case before measuring the base with the instrument, 60. 
the sUde is to be pushed up to 12, which will have the effect of 
doubling the actual distance ; e.g.^ if that is really 42 yards the 
drum will read 840 ; the sUde has then to be set to 84, and after 
the range has been taken from the other end of the base the 
result must be halved. 

Case 2. — Base dovhtful to the eye whether under or over 60. Base 

'^ ^ ^ . doubtful 

In this case the distance, whatever it may be, is to be taken whether 
with slide set to 6 ; and, should it turn out to be less than 60, the '"^^eror 
measurement should again be made with slide set to 12, and the 
procedure adopted as in the preceding paragraph. 

Exercise 3. 

Case 3. — WJien the base is limited to over 120 ya^^ds^ or the range Exercises. 

is beyond 2,500 yards. 

This operation is similar to Exercise I of this lesson, with Practice with 
these exceptions :— ^ ^ &mT 

The suDsidiary base A B is made 12 yards instead of 6 yards 
long (by hooking the cord and tape together), or the base being 
kept 6 yards as before, the sliding coUar E is placed at half that 
denoted as the base reading on the cylinder. The true range by 
either method is double that shown on the cylinder. 

N.B. — It is advisable to use Case 3 when time will permit 
for ranges over 2,500 yards. 

Instructions for taking the Kange without Pickets. 

Three men acting as points, using discs placed, on the DriUwithme 
muzzles of their rifles, on occasions when pickets are unavailable Y^*^^"^.®^ 
or useless on accoimt of the nature of the ground. Ua^e7disc8 

1. The range-taking party to consist of one oificer or non- 
commissioned oificer as " range-taker," and three trained non- 
commissioned oificers or privates with rifles to act as points, each 
of whom when so employed to be supplied with a disc by the 
" range-taker/* who wUl carry the three leather discs in a linen 
bag fastened to the waistbelt. 

2. The discs when in use to be fitted on the muzzle of the 
rifle over the foresight, with the black cross on the front of the 
barrel. 

c\j CO 

Si, ^ 



U ^-'■^ ! oi 

X---- ^1 
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jDutiesofNo.l 
point. 



Duties of Ko. 2 
point. 



Duties ofKo.3 
point. 



A. — To take the range with three men as points standing. 

The "range-taker" with the mstrument having roughly 
placed himself in the right iangle between the object and No. 2, 
No. 1 will place the bntt of has rifle in the spot marked by the 
ranffe-taker's heels, and kneel or sit down to the left of it, with 
his left side towards the object, holding the rifl^ upright with 
the butt on the ground, barrel to the front, and stock against 
the right side and shoulder, or in any manner that may be 
foimd most convenient. 

The "range-taker" will verify the right angle, and measure 
the base as usual. 

Nos. 2 and 3 will run out at right angles with the line of 
range ; and having.obtained the necessary length of base, No. 2 
will halt* and face the "range-taker," getting behind his rifle, 
and holding it with both hands below the disc, forearms resting 
against the body, butt on the ground between his feet, barrel 
to the front ; and will look to the range-taker so as to be ready 
to answer to his signals to move to the right or left and form 
the exact right angle. 

When No, 2 has obtained his position accurately, No. 3 will 
hook the 6-yards Une on to the cleaning rod of the nfle of No. 2, 
and will step back square with No. 2 to the full extent of the 
line, i.e., until the roller touches his rifle (which should be held 
barrel to the left, the disc facing No. 1). He should then 
place himself behind his rifle, and hold it steady until the range- 
taker has measured the base. 



Duties of No. 1 
point. 

Duties of Kdft. 
2andd« 



Duties of No. 1 
point. 



Duties of Nos. 
2 and 3. 



B. — With 3 men as points hneeling or sitting. 

As before detailed, No. 1 kneeling or sitting down. 
Nos. 2 and 3 as in A, but holding the rifle (after the point has 
been fixed) in a kneeling or sitting position. 

C. — ^With 3 men as points lying down. 

As detailed in A, No. 1 lying down on his back (as soon as 
the *' range-taker " has roughly fixed the right angle), left side 
to the object, holding the rifle with both hands, butt resting on 
the ground against the right side, or on the chest, or in any 
other more convenient manner, according to the nature of the 
ground. 

Nos. 2 and 3 as in A, but holding the rifle (after the point 
has been fixed) as detailed for No. 1. 

Note. — This method can also be used on steep slopes, the 
rifle being held by the toe of the butt resting on the cnest, by 
which means a greater elevation can be given to the disc. 



* Taking care to halt where he can se^ the same part of the object as is Tisible 
at No. 1 point. 
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PART m. 



SUPPLEMENTARY INSTRUCTION. 

Other Methods of taking the Eange; Use of the 
Instrument in Surveying, &o. 

1. In the field, when two instruments are available, it will 
save exposure to the enemy's fire for one observer with the spare 
instrument to get the right angle, and place the sub-base (at Im 
end) ; and the other to measure the base and find the range. In 
this case the sub-base will be at the end of the base, opposite to 
that ordinarily used, and in a line with the right angle picket and 
the object. Of course in this operation there must be a plainly 
defined object, and visible from both ends of the base. 

Note. — ^It might at first sight appear that a range could 
always be more expeditiously taken by employing two instru- 
ments, so that one man could obtain the right angle at C, whilst 
the other was taking the range at A. With distinct objects, such 
as chimneys, poles, &c., this would certainly be the case, but in 
practical range finding very obscure objects have often to be 
observed, and it is found that to point out this to another person 
takes more time than that required for one individual to perform 
both operations; there is also the risk of both not laying on 
ex:actly the same point of the object chosen. , 

Lesson V. 
Exercise 1.— (Operation d.) Lesson v. 

To take the range without the aid of an assistant, or of cord Exerc^K^ 
or pickets. {o^fmt^) 

o 




Fig, 13t: . 
TaJcing the 
range without 
aid of cord, 
assistant, or 
IMckets. 



Fig. 12. 
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1. The problem in this case is to measure the range A O. 
First, get the right angle A B (Fig. 12) by selecting some 
clearly defined and distant object in the direction of B, and, 

' looking at B throngh the eyehole "range," with windows turned 
to the left, i.e,y towards the object 0, obsei-ve where the reflection 
of comes with regard to B. If there is at B anything which 
happens to coincide with 0, then the point A is at once fixed ; | 

but if there is nothing, take what is nearest to the reflection, and ' 

advance or retire, or move to the left hand or to the rights 
according as the reflection of appears to the right or left of 
it (Aide-memoire, left move right, ri^ht move left), until the i 

coincidence is got. Then, taking particular notice of B so as to 
be able to recognise it again without fail, plant your sword or 
stick between your feet (at A), turn about and measure oflf by 
pacing, say, 20 yards (if less than 60 it must be a multiple of that 
number, as that is the minimum limit of the base arm) ; then 
turn round and ahgn yourself with A and B, and, taking a 
second sight at B (0 will be found to the rigJit of B in the 
mirror), instrument held as before, imscrew the drum until 
is again exactly under B. The result will be the solving 
of the range triangle C A by measuring its equivalent B C 0* : 
the instrument showing the range multiplied three times, inas- 
much as 6 on the base arm is three times tne actual length of the 
base C A, which in this case was 20 yards. Divide reading 
therefore by 3.* 

2. If there is no suitable object at B, one must be looked 
for in the opposite direction, and the same procedure adopted, but 
in a reverse direction, and with the instrument held in a reveraed 
position. 

3. It is obvious that this method is but a rough one, owing 
to the error to which one is liable in pacing any riven base. To 

The effect of show what effect an en-or of one yard would nave, it is only 
an error in necessary to divide the range by the base, and to multiply the 
Swe?"^^ ^ product by the error ; e.g.^ error = 1 yard ; base goes into range 

say 40 times ; therefore range would come out 40 yards too 
little or too much, according as the error is under or over the 
actual length of base. N.B. — The longer the base the smaller 
will be the effect of any error in its measurement. This applies 
to all measurements of the base, by whatever means obtained. 

Exercises. FXERCISE 2. 

4. This method of finding the range may also be practised 
with the pickets and the aid of an assistant. 

No. 1 having given him the proper direction, viz., towards B, 
Duties of with the instrument, No. 2 runs out in that direction about 100 
No. 2. yards, plants his picket, and places himself behind it facing No. 1, 

thus taking the place of B. 



• The short base mentioned above is used for the purpose of illustration only. 
Such a short base should neyer be used unless the nature of the ground admits of no 
other., . As a rule baees should never be less than ^^th of the range. 
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No. 1 then proceeds to place lus square-headed picket at right 
angles with No. 2 ; hooks on the wire cord, and plants the round- 
headed picket at its end, covering first picket and the object 
(see position of round-headed picket in Fig. 12) ; then runs off 
any distance in the direction C; aUgns himself with A and 
No. 2 (represented by B in the diagram) ; measures C A, usinff 
eyehole " Base ;" sets sUde to distance, knob to ** range," and 
lastly at C, reflects 0" under B, and so finds the range. 



Lesson VI. — In three Exercises. LeMonVL 

These three exercises are to be performed with mirrors set 
parallel, and the use of the " Base " eyehole. 



Exercise 1. — (Operation e,) ExewnaoL 

(Operation e.) 

Adjusting the Instrument, 

1. The instrument will very seldom require adjustment, but it To adjust tihe 
should invariably be tested before commencing a day's work, ^s^rumenL 
and corrected if necessary. 

For instructional purposes, an old instrument kept specially 
for the purpose should be employed, as the constant working 
backwards and forwards of the adjusting screw renders it loose 
in its bearings. 

Open the lid by pressing the spring S (Plate I), and see that 
the brass cylinder is screwed to the right as far as it will go, 
thus setting the instrument to zero. Press the sliding collar E 
back to {he stop, that is to 6 on the scale, and move the arm I 
(by means of the knob P) until the screw I presses against the 
steel block L. When in proper adjustment, the mirrors X and 
N are now parallel, and by looking through the eyehole V at 
any sharply defined vertical line, such as a pole, side of a house, 
&c., some distance off" (a picket planted about 300 yards off can 
be used), two images will be seen exactly over one another, one 
by direct vision through the transparent part of the glass X, the 
other by reflection in the silvered part below. If these two 
images do not exactly correspond, and the Une be broken, the 
instrument requires adjustment. 

To adjust the instrxmient, unscrew the key, apply it to the 
square shoulder of the screw I, and turn until the two images 
are in line. Move the arm H I backwards and forwards several 
times, replace it against the block Ij, and see that the adjust- 
ment has been properly effected. 

2. The length of the wire cord should be occasionally tested Totestlongth 
by means of the steel tape, by placing the brass loops of each over o^ "^^ «>«*- 
the point of a picket, slxetching them out together, and noticing 

► if the brass mark on the tape (denoting 6 yards) corresponds with 
the whole length of the gimp cord. 
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Exercise 2. 
(Operation/.) 
To mea- 
sure the 
distance 
between two 
objects. 



Bangeto 
be set double, 
treble, &c., 
and result 
divided by 
2, 3, &c. 



ExEROisEJ ?.— (Operation /.) 

!• Now select two objects in the distance, such qb the comers 
of two houses at least 60 yards apart. Give out that the ranffe 
is 500, and require the distance between the two objects to be 
found. 

2. In this case the drum is to be set to the range 500, and 
the slide moved until the reflection of the right hand object 
coincides with the left (in this case the exact comers of the two 
houses). The distance in tens and odd of yards is then to be 
read off on the base scale. 

3. If the distance between the objects is less than 60 yards, 
the range must be set double, treble, or quadruple, &c. ; on the 
drum, and the reading on the base arm afterwards divided by 
2, or 3, or 4, &c. 

For example, take the outer chimneys of a house as the 
objects. Required the distance between them (say about 16 
yards), range 500. Slide will not mark less than 60, therefore 
quadruple range, viz., 500 x 4=2,000 ; and set the drum to this ; 
move slide, say to 64, at which coincidence is found ; divide 64 
by 4=16 yards, which is the distance required. 

Note — 1£ in the above case the slide arrives at 6, and coin- 
cidence is not obtainable, it shows that the distance is less than 
one-fourth of 60 ; so then try range multiplied by 5, and so on. 

4. But explain that in order to obtain the true distance 
between two objects, the true range must be known, and the 
chimneys or other objects be at right angles with the observer, 
thus : — 



COINCIDENCE 
OBTAINED. 




^- 



RANCe 300. 




Fig. 13. 



Exercise 3. 
(Operation ^.) 



To find the 
height of an 
object. 



E2JBIU3ISE B.-^(Oi?jmk'rum ff.y 

To find the: JEkight c^f mt Oijeau 

This is done precisely in the same manner ba la the preced!^- 
\xi& exercise, liie only difference being, that the instrument: is; 
h^d edgeways, with the lower portion, M.y tiie drum end, a; little 
nearer the face than the upper part. 



27 

2. It is, however, recommended first to get a reflected view 
of the objects with the instrument held horizontally as usual; 
and next, keeping them carefully in view, gradually to come 
to the edffe position until the image is over the object, and then 
to move the sHde imtil exact coincidence is obtained, thus : — 



:?L^ 



^y^ X 



Fig. 14. 



As in measuring the height of a church spire from base to top 
of weather-cock or cross. 

3. Of course the range must first be obtained, and set on 
the drum, either single, double, or treble, or more, as the height 
may require, the result to be divided by the number of times 
the range was multiphed. 



Lesson VII. 



Use of Instrument for Surveying, 8fc. 



LeBSon YII, 



1. The instrument can be utilised for surveying purposes 
(it was used for this purpose in the late war in South Africa). 
Ranges should be taken to conspicuous points, such as houses, 
trees, &c., and their respective bearings plotted on a plane 
table with the sight ruler ; or the angle between these points 
taken with the range finder as described in Operation A, next 
page, and plotted off with the protractor. The true position of 
these objects being thus found on the plan, the relative heights 
can be obtained by means of a clinometer, and the intermediate 
groimd sketched in by eye. 

2. It has already been shown how to obtain the distance Surveying, 
between two inaccessible objects on a line which is at right *^' 
angles with the observer (Lesson VI, Ex. II) ; and how to take 

tile height of buildings, trees, cliffs, &c. (Lesson VI, Ex. 3). 

3. By the latter method a good idea can be got of the 
relative command of hills. But in this case the range to the 




Fig. 15. 

visible summit of the hill should first be found, and the observer 
must be on a fet- e/ with its Jcw^ or with the top of the hill with 
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which comparison is to be made, viz., B in Fig. 15. For if the 
range to B (Fig. 15) betaken, only the apparentheight or command 
B A will be measured, which of course is less than the actual. 



Exercise 1. 
(Operation A.) 



liking the 
angle between 
objects. 



Hzample. 



Exercise 1. — (Operation /i.) 

To take the Angle between Objects fo7* Surveying Purposes, 

1. Push knob to "base," and slide to 10; then look through 
the eyehole " base " and reflect the image of one object on to the 
other by turning the drum. Note the range, and take the corres- 
ponding angle from the table of ranges converted to angles, 
and mark it off with the protractor in your sketch book. Thus, 
suppose the reading on the cyHnder to be 1,000 yards, the angle 
would be 5° 43'. 

The following table of angles corresponding to ranges will 
be found useful in taking angles between objects : — 



Range. 


Angle. 


Range. 


Angle. 


Range. 


Angle. 


yards. 


deg. min. 


yards. 


deg. min. 


yards. 


deg. min. 


6,000 


1 9 


2,100 


2 44 


1,200 


4 45 ' 


4,500 


1 18 


2,000 


2 52 


1,150 


4 58 


4,000 


1 26 


1,950 


2 56 


1,100 


5 11 


8,500 


1 39 


1,900 


3 1 


1,050 


6 27 


8,400 


1 41 


1,850 


3 6 


1,000 


5 43 


8,300 


1 44 


1,800 


3 11 


950 


6 1 


8,200 


1 47 


1,750 


8 16 


900 


6 20 


3,100 


1 51 


1,700 


3 22 


850 


6 42 


8,000 


1 55 


1,650 


3 29 


800 


7 7 


2,900 


1 59 


1,600 


3 35 


750 


7 35 


2,800 


2 3 


1,550 


3 42 


700 


8 8 


2,700 


2 7 


1,500 


3 49 


G50 


8 45 


2,600 V 


2 12 


1,450 


3 57 


600 


9 28 


2,500 


2 18 


1,400 


4 5 


550 


10 18 


2,400 


2 23 


1,350 


4 15 


500 


11 19 


2,300 


2 29 


1,300 


4 24 


450 


12 32 


2,200 


2 36 


1,250 


4 35 


400 


14 2 



2. In the following example (Fig. 16) the points D, C, G, B 
have been laid down by observations from the two ends of 
the base A F, and the distances A B and A C from the points 
E and F respectively, the work having been done in the order 
given as follows : — 

Istly. The points C and B being observed from somewhere 
about A to be near about a right angle, A in the first place 
was correctly fixed by operations b or d. 
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Fig. 16. 

Laying doim 
the angles 
between 
objects in 
surveying. 



2ndly. The distance 800 yards from A to B was found from 
E by operation d, page 23 (instrument reversed). 

3rdly. The usual subsidiary base of 6 yards having been set 
up by the observer or his assistant at F (anywhere on the line 
A B), the length of base A F was found. 

4thly. At A the angles between the objects C and D and C 
and G were taken and laid down by operation A, page 28. 

5thly. At F the angles between C and D and C and G in the 
same manner ; and, lastly, the distance A C by latter part of 
operation c, para. 5, page 19. 

Notes. — ^The angle between A D, A C is 15°, which is about 
the largest angle the instrument can measure in this way 

All the above points marked by the letters A to G can be 
taken on the ground, and laid down on paper by a practised 
observer within ten minutes. 



Lesson VIII. ^ ttttx 

Lesson VIIL 

Practise taking the range as with instrument having its Taking the 
optical right angle disan-anged. ^ ^ SefnsTni- 

Should the instrument by any accident receive such a blow ment out of 
as to throw out the accuracy of the right angle, correct ranges *"i*^ 
may still be obtained as follows : Throw out a picket A (Fig. 17) 
about 200 yards distant from B (or a distant object may be 
selected). 
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E 



Fig. 17. 



Find the position B at which coincidence between the object 
O and picket A is obtained. Plant the picket D exactly in line 
with A and B ; measure the base B D in the ordinary manner by 
the sub-base I) E. Set the sliding collar to this base, and get 
the range from the picket D by turning the drum until A and 
the object are in conjunction (as in the final operation of find- 
ing the range). 

Care of the Instrument 

As before stated, the instrument is not liable to get out of 
adjustment if treated with proper care. On no account should 
any of the small screws be taken out or meddled with, as such a 
proceeding is liable to throw the instrument permanently out of 
adjustment, and to render it worse than useless. 

The mirrors should be wiped occasionally with a piece of 
clean chamois leather or soft Imen ; the screw and all tne steel 
parts should be kept carefully oiled to prevent rust. 

In moving the knob P from base to range, and vice versa, care 
should be taken to do so slowly, using only sufficient pressure 
to ensure contact of the screw I against the blocks K or L. 
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